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I. Introduction

An earlier experiment (1
the Fermilab Main Ring.

Beam Debunching et Injection Field in the Main Ring _
with Subseguent Recgptire and Accelersation, as a Simulaiion
of the CERN B3PS Injection Scheme.

D, Boussard (CERN) - J.E. Griffin - B.A. Prichard
R.F. Stiening - E.J./N. Wilson (CERYV)

June, Lith and June, 1lth 1975

} simulated the CERN SPS injection conditions in
It revealed a longitudinal bvlow up when the bean

vas left to debunch with no r.f: The phenomenon seemed similar to but

weaker than, fThat s

prompted these studies.

had veen cobserved in the CERN CPS end which had
The experiments described here sought Lo :

i: Check that the blew up, like that seen in the CPS, is associated

with the emission of microwave signals.

ii. simulate as closely as possible the most promising debunching-
rebunching scheme on the SPS, namely debunching and rebunching
in the SPS itgell rather than in its injector

[N
ek
fut
s

look at the problems associated with capture and acceleration

up to top energy of a beam having a very large longlitudinal

emittance.

2. Debunching studies

2 1 Blow~up measuremn eqts

We. repeated the mesasurements described in (1) to confirm the previous
data. One single batch from the booster was injected, with RY OFF in the
main ring and sheort-ecircuited cavities.

The emittance of the debunched beam was measured using the Schottky scan
technigue with the coaxial directional coupler piok-up.

The emittance of

tlme of debunch zng mcasuwemert5;~

‘The increase of momentum spresd &5 & function of time, Fig. 1, looks
very similer o the previous results (1).



2.5

The eouxial directional coupler detector wes connected to a Wmigrowave
erystal detecvor thrgugh various band puass filters., Photo 1 shows s
typlc&l result of this experiment. The conditions were the same ns those
deseribed in 2.1. Uhe observes (hardl} visible on photo 1), Jjust at
injection, a sharp transient with =z Tagh decay, which corresponds to the

fuding of the bunch structure. About/10 ms la§7r & growing microwe
signel appesrs again, whikh, we believe, corresponds to the iﬁﬁ%&@iliiy
yésponsible for the beam blow=up. This seems very plsusible if one combures the

growing times on photo 1 and fig. 1.

To get an ided of the frequency QPect?um mf the 1nmtab111ty we used sevéral
bend pass filters whose center frequencies range from 750 MHz to 2.8 GHe.

Although the ﬁlakwu@ requﬁncy response is not flat {ﬁxweet:mna& ooupler

with constant cross~seotion) and difficult to w&&ﬁura$ we can estimate

SFrom the &xper1$gn%&¢ results e freguency spectrum of thé instavility which
Aooks like the tne in fig: 2.

It is Very'intérﬁgting to oompare this result with the OFS experinents,
which show the sume peek fregﬁeﬁcv( ap Tnla-lenas wilght to the theory that

‘the instability is driven by vacuum chamber discontinuitiesy because then

the freguencies of interest, linked to the *ranuv&rsa dlmeﬂ%i@ms of the
wraouum chamber, would n@% we wery differert for the two machines.

5

We also used the speetrum analyser to observié the MICTOWEVe blg als, and bo

o w

> -

Séverai 'aich@s *ﬁ u%e mﬁehhﬂ%, with BECOFF, the seme plcoture (phote 1
eting that 1t is a locel turrent eff
When one tries to ﬁ&bunch i nhe Al rlng_by BF réduction {see 2.3}, the

editfirm the freguercy spectrum of fig. 2 wp to 1800 @ %z 1% pne ing

'mzerowave'¢1gnala agein appesr, about 3@ mg wfter the RF. is off. The faet that
Chhe 1n3uabxikty ﬁﬁpeared O late after injection (With Rf OFF1 or after the RF

'vmltage has deceyed down LO.Zero WaE URexpeeted . THE CPY Tomal; trrearesrt
that the InSTabIiity BIWeYS B TEETE WETTTE the-bunchesoveriess d it had been

‘thought initially (2) that Qverl&p wolld make & larg@ lotal momentum

spread and stabiline whe §rmre5$% On the contrary, we observed that th
instebility develops after the tunches hive overlapped €§M§Uﬁ“ Lng-dime. igﬂa

Tew ns}, and the simple ﬁheuretlcal model of a single stresm instebllity used

in (2) gmust now be modified. In addition, it i a very importent result. for
the SFS becaise it shows that recapture is possidle before the instebility blows-up
the beam emittance. '

Zﬁébmneééﬁg by BE wvoltage reduction

In an attempt to reduce the momentum spresd of the beam prier to debunching
we injected the besm with RF ON, and then reduced the RF voltage down to ze
This RF voltege reduction was controlled by a pulsé generator acting on both
the RF drive and the parameters of the RF power amplifiers. It was not possible
to short-civreuit the cavities during the short period when the RF was out off.
After sbout 300 ms the RF voltege was brought back Yo its indtial value {photo 2%

.
alloving recapture and sgcceleration of the beoam,
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focaleretion of ‘e DEEN Naving ﬁ 1grgé_l0ng£tadiné1 enittance

&
T
e . . o e
From the RF voltage and dB/dt curves (fig. €), one can cplgulaMﬁ the i
Tonpltudingl scceptance of the maethine as & function of time (Ffig. T). .
Onie 8&es thet there is slmo 5

ost no reduetion in sccoptance et vh@ start of
the parabols [ebont 250 mrad)
To measure the emittance of the beam, we produced & dip in the RF voltsge
&t -about 1,51s, large enough to just produce beam losses {fig. & and 8).
From the parameters at this time, we calculate an emittance of 2L0 mred. This

WM E

Photo & shows bunches after transition. From bunch length measurement (4 ns) we

=5
estimete sn emittance of 220 mrad.

Conclusionsg X

!
A microwave instebility, very similar in nsture to the one anslysed in the CPS, hé
has been observed in the waln ¥ing. The actusl impedance Ffigures {Z/n} one has e

sl

to put in the formulas are of the ssme order of magnitude {a*tx wgh somewhat e
smeller for the NAL mein ring ¢ 70{)instead of -5Gf2}; we bhelleve tThat this iz
& confTirmetion of the wvaouwum chamber QXQCQﬂﬁwwultiaS.ﬁOdéﬁa

A large emittarice (250 mrad) Peam has been accelerated withoui major difficuliies.

The cepture wes characterifed by & remsoneble effieciency (B80%), but & large
‘blow=up (150 mred to 250 mred). For the SPY, the situation may well be vorse :
the expected debun

180 mrad, and cne could expect beam lossés larger than 20%.

tohed beam emitiance 1s 1RO mred, but the scoeptance is only

On the other hend retrapping in the 5PS can be done earlier, hopefully, as the
‘main ring experiment hes shown, before the instability has made the emittarce 1o

grow significantly. In this latter cese, the initisl emittance would be only

ebout 60 mrad, end one can contemplatée an even nigher captmve efficlency.: It ,
rémains to be seen whether some 9,5 MHz structure remaing with this early trapping

% the 8PS,

The overall result of these sceelerator experimernts is of prime importance for the
SPS people looking for the running-in of ‘the machine, and 1t is a pleasure to

acknowledge the Fermilsab staff who have made it successful.

. Boussard

- Beferences:

3+ ficcelerator experiment EXP-Th June 6, 197S
2. D. Boussard ~ Observetlon of Microwave Longitudinal Instabilities in the CPS.
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shows that, &b Iesst at the start of the perébola, the buckets were full, and b
that there is a.rel&tlveiw ?axﬁe blow up {150 %o 2L0 mred) in the capture el
process. This ig not surprising looking aft the v&ry large oscillations at 3
capture {photo L), i
By compdring the besm lntensities Just before trepping and aelter acceleration, b
we measure a cepture efficlency of about 80%. The 20% particles are elther o5
1lost repidly at the Yeginning of acceleration, beeesuse they sit ocutside the 3
bucket {(fig. 8}, or slovly before sccelerstion, becmuse thelr momentum -
‘deviation iz foo large snd gives rise to transverse losses {fig. é) »%
AL transitlon, we cbserve a 7-8% besn luss, presumably & transverse loss caused  f
Ty & too lerge momentum spresd, =
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